OBJECTIVES: We aimed to clarify the correlation between clinic-pathological characteristics and the distribution of recurrence probability during follow-up of oesophageal squamous cell carcinoma (OSCC) patients with complete resection analysis by hazard function, and to try to provide evidence-based data for optimal timing for adjuvant therapy.
INTRODUCTION
Oesophageal squamous cell carcinoma (OSCC) is the most common histological type of oesophageal cancer and is characterized by a high mortality rate in China [1] . The main treatment of OSCC is still complete surgical resection. Nevertheless, disease recurrence after curative resection cannot be ruled out, and the overall survival remains poor [2, 3] . A multimodal approach for OSCC patients after operation, including adjuvant chemotherapy or adjuvant chemoradiotherapy, was essential to prolong the patients' survival [4, 5] . However, how to screen the patients with high risk of recurrence after complete surgical resection was still in exploration.
In previous studies, survival curves were used most frequently to evaluate the risk of recurrence rather than hazard functions. Compared with survival curves, hazard function calculated the rate of recurrence at any point in time among the remaining patients survived [6, 7] . This method first brought insights into the recurrence analysis of breast cancer [8] [9] [10] . Despite the controAmong the OSCC patients with recurrence, 50% of patients had recurrence or metastasis within 1 year after radical resection [3, 11] . However, only few studies reported the risk of late recurrence after operation on patients with OSCC. To our knowledge, our study was the first one conducted on Chinese patients with OSCC, concerning the time distribution of tumour recurrence hazard. We aimed to clarify the time-varying pattern of tumour recurrence hazard for patients with radical resection and tried to determine the optimal timing for administering adjuvant therapies in an effort to decrease or delay the recurrence hazard for patients with resectable OSCC.
MATERIALS AND METHODS

Study design
Between January 2005 and October 2007, 692 patients with primary oesophageal carcinoma treated with surgical resection were included in our cohort, according to our institute's policy. After a review of all of the clinical and pathological records, 553 patients were included in the analysis. The main eligible criteria were as follows: (i) histologically confirmed primary thoracic OSCC; (ii) previous treatment naive; (iii) no distant metastases, including supra-clavicular or celiac lymph node metastases; (iv) underwent complete resection (R0) and (v) at least 3 months of follow-up. All of the medical records were reviewed for gender, age, smoking status [12] , tumour length, tumour location, TNM staging and histological grade according to the seventh edition of the AJCC Cancer Staging Manual [13] , tumour biomarkers and the approach of the operation. Approaches of the operation were administered as a left (left transthoracic with anastomosis in the chest or neck) or right (Ivor-Lewis oesophagogastrectomy and McKeown oesophagogastrectomy) approach. This study was conducted in accordance with the Declaration of Helsinki, and all of the patients signed a consent form approved by the Research Ethics Committee of the Sun Yat-Sen University Cancer Center.
Patients' follow-up
All patients were monitored as follows: Tumour biomarkers were tested per month and thoraco-abdominal computed tomography (TACT) was conducted every 3 months for the first 6 months, 3-month interval measurement of tumour biomarkers and 6-month TACT for the next 2-3 years and once a year thereafter. Survival status was obtained from our cancer center surveillance system. Final surviving status was double-checked at the last follow-up of January 2013 for all of the cases.
Statistical analysis
Recurrence-free survival (RFS) was calculated from the date of surgery to the date of loco-regional or distant relapse related to oesophageal carcinoma or death from cancer. RFS curves were generated using a log-rank test. A Kernel Smoothing method was used to estimate annual hazard rates. All statistical tests were twotailed, and a P-value of ≤0.05 was considered statistically significant. All prognostic factors identified in the univariate analyses with a P-value of <0.20 were included in the Cox regression multivariate analyses. The Stata Statistical Software Package (release 9.0; Stata Corporation, College Station, TX, USA) was used to perform data analysis.
RESULTS
Patient characteristics
The details of the patients are given in Table 1 .
The median age was 65 years (range: 30-78 years), and there were 406 males and 147 females. Patients in Stages II (238 cases) and III (217 cases) accounted for 82% of all cases. The median length of tumours was 4 cm. The majority (63%) of the tumours were located in the middle segment of the oesophagus (351/553). Approximately, half (47%) of the patients were diagnosed with histological grade 2 (262/553). Operations using the left approach were performed for 69% of all patients (383/553). Sixty-nine percent (379/553) and 68% (374/553) of the patients tested had normal levels of carcino-embryonic antigen (CEA) and SCC, respectively. Only 13 patients received adjuvant chemoradiotherapy and 73 received adjuvant chemotherapy. Adjuvant therapy was performed in 86 (15.6%) patients identified with pathologically lymph node metastasis (N stage ≥1), tumours involved with proper muscle layer (T stage ≥3) and good performance status ≤2.
The median follow-up time was 3.8 years, and relapse was observed in 142 patients (loco-regional or distant). The local recurrence was twice more than the distant recurrence in the first 3 years after surgery ( Table 2 ). At the time of the last follow-up, 37% (206/553) of the patients were alive, 53% (291/553) of the patients had died due to a cancer-related disease and 2.7% (15/553) of the patients had died due to a non-cancer-related disease ( Table 2) .
Survival analysis
Overall, the median RFS was 3.4 years. In univariate analysis, clinicpathological characteristics including gender (P = 0.037), smoking status (P = 0.028), tumour length ≤4 cm (P = 0.045), Tis (P = 0.001) and N0 (<0.001) staging favoured RFS (Table 1 and Fig. 1 ). The patients with normal levels of SCC had a longer RFS of 3.7 years compared with those with abnormal levels, 1.9 years (P = 0.028). However, the patients with normal levels of CEA showed a nonsignificant but a slightly longer RFS-3.5 years compared with 2.6 years-of the patients with elevated levels of CEA (P = 0.928; Table 3 ). After multivariate analysis, the remaining common independent prognostic factors for RFS were pathological T (P = 0.017) and N staging (P < 0.001; Table 4 ).
Recurrence hazard analysis
Overall, the recurrence hazard curve for the entire cohort showed that the first major recurrence peak began to increase from the first year at 22.97% and peaked at 1.3 years at 27.40% during follow-up. Subsequently, recurrence declined steadily and bottomed out at the sixth year at 7.00%. However, the curve began to rise again and reached a second peak at the seventh year at 13% (Fig. 2) . Subsequently, we compared the recurrence risk concerning gender, smoking status, tumour length, histological grade, pathological T and N staging and TNM stage. The patients with the clinicpathological characteristics such as females, non-smokers and N0 had a lower recurrence risk than those who were male, smokers and were N-positive for both peaks, respectively (Fig. 3A-C) .
When the hazard rate was related to pathological T stage (Tis + T1 + T2 versus T3 + T4), the analysis showed that the patients with early stage disease (Tis + T1 + T2) had a lower recurrence risk during the anterior 4 years of follow-up, crossed over to a higher recurrence risk in the following fourth-fifth follow-up years and returned to a steady decline afterwards compared with those with advanced stage disease (T3 + T4) (Fig. 3D) . Furthermore, for patients with different grades of histological differentiation, there was no difference in the first recurrence peak, but the poorly differentiated tumour tended to have an earlier and higher second peak than the well-differentiated ones (Fig. 3E) .
Concerning the surgical approaches, the recurrence risk for the patients receiving a left approach was lower than for those receiving a right approach until 2.5 years of follow-up, when these two curves crossed at that point and the risk then became opposite of the initial one until 6.4 years. The recurrence risk for the patients receiving a right approach continued to rise afterwards (Fig. 3F) .
When the hazard rate was analysed with the level of SCC, the curves also suggested that a double-peaked pattern recurrence risk was existing. Compared with lower levels of SCC, the patients with higher levels of SCC were more likely to recur earlier and higher for the second peak (Fig. 4A) . Furthermore, the hazard curves for different levels of CEA (Fig. 4B) proved that despite a first higher peak for high levels of CEA, the patients with low levels of CEA had a higher recurrence risk than those with high levels of CEA after the cross-over point at 3.5 years of follow-up.
DISCUSSION
In the present study, we demonstrated the presence of two peaks for recurrence risk among Chinese patients with OSCC after complete resection. This similar pattern was observed in various subgroup analyses regarding age, gender, smoking status, N or T staging, histological grade and surgical approaches.
The mechanism of early postoperative metastasis and/or recurrence for cancer patients after radical resection is unclear. 'Tumor dormancy' hypothesis [14, 15] postulated that most of micrometastatic foci were in biological steady states; however, surgery may stimulate these tumour cells in dormancy to growth in accelerating the relapse process and eventually lead to recurrence. This might be an explanation for the double-peaked pattern of recurrence risk in cancer treatment.
The number of metastatic lymph nodes was considered for node classification [12] . Compared with lymph node (LN)-negative, LN-positive patients with OSCC were more likely to recur earlier for the double peaks, and the first peak was much higher. A similar result was also shown in different pathological T stages, but there was an intersection between the two curves.
In our study, the double peaks were much obvious in smokers than in non-smokers. Smoking is not only a well-known risk factor for oesophageal cancer, especially in adenocarcinomas of the oesophagus [16] [17] [18] , but is also as a prognostic factor [19, 20] . In our study, the hazard rate curves regarding smoking status between smokers and non-smokers were separated from the beginning of follow-up and virtually parallel to each other. Hazard rates remained lower in non-smokers than in smokers at all follow-up times. One possible explanation is that nicotine has significant immunomodulatory effects on the cytotoxic activities of human lymphocytes, which may be of clinical relevance, leading to an inability to destroy cancer cells [21] . It seemed that pre-diagnostic smoking status was a prognostic factor for OSCC patients.
Some studies showed that patients with OSCC with poor histological differentiation have a poor prognosis, whereas others did not [22] [23] [24] . In our data, although the curves of the two groups, divided by the degree of histological differentiation, were almost identical in the first peak, the poorly differentiated tumours had an earlier and higher second peak than well-differentiated ones during all of the follow-up time.
The surgical approach might impact the shape of the curves. In the patients who underwent left thoracotomy, compared with those with right thoracotomy, the first peak remained lower and the curve occurred later; however, after 2.5 years, the curve of the patients receiving a left thoracotomy was higher than that of the patients receiving a right thoracotomy during the follow-up. To our knowledge, surgical approaches were not a prognostic factor for OSCC [24, 25] . In our graphics, the first peak of recurrence might be stimulated by the surgery, and the patients receiving a left thoracotomy had less damage than those with a right thoracotomy, which might explain the pattern for the first peaks of these two curves. Afterwards, the curves started to change, reversing the previous trends. The recurrence risk for the patients with a right thoracotomy eventually changed to a lower level than those with a left thoracotomy, which might be due to a more complete lymphadenectomy with right thoracotomy than left thoracotomy.
Our results need to be interpreted with caution because of a relatively limited follow-up and the study's retrospective nature. Still, 198 cases died without recurrence. Moreover, it was unable to do subgroup analysis for the limited sample of the patients receiving postoperative therapy. A prospective, randomized clinical trial should be performed to prove our findings.
In conclusion, the double-peaked patterns of recurrence risk exist in the patients with OSCC after complete resection. Hazard functions should be used for selecting the high recurrence risk OSCC patients. Adjuvant therapy might be beneficial for OSCC patients with complete resection in decreasing or delaying recurrence risk.
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